The critical current density c J in type-II conventional and high-c T superconducting bulk materials is investigated based on the quantum theory for the vortex dynamics. It is shown that for a constant magnetic field, the critical current density c J decreases weakly with increasing temperature when dp T T < (depinning temperature); when f dp
INTRODUCTION T or conventional superconductor.
The full Hamiltonian of the fluctuation for the flux line lattice (FLL) in the z -direction is given by [16-18, 22, 23] (2) e H the elastic energy [16] [17] [18] [22] [23] [24] , (3) and R H represents the random Hamiltonian, given as [16-18, 22, 23] , 
are the Fourier transformations of the momentum and displacement operators, and 44 11 , , C C C L and 66 C are temperature-and K r -dependent bulk modulus, compression modulus, tilt modulus and shear modulus, respectively [7, 8, [26] [27] [28] [29] [30] [31] .
is the Fourier transformation of the collective pinning force )
r the random potential energy of the collective pinning [32] [33] [34] [35] , which is the sum of the contributions of defects within a distance ξ of the vortex core position r r , where ξ is the temperature-dependent coherence length. The correlation functions of the collective pinning random force are assumed to be the short-range correlation [23] , 
The free modes Hamiltonian
f H can be diagonalized [16-18, 22, 23] as follows:
with
are the creation and annihilation operators for the corresponding eigenmodes as 
and ] [ 2 ) (
respectively.
For type-II superconducting bulk materials, the corresponding random and free displacement correlation functions can be obtained as ( 2 44 2 66 the classical statistics can also be used. The depinning temperature dp T , which is defined by the condition 
with χ is a dimensionless constant. The collective pinning force range η can now be identified for different temperature regimes as dp T T for < ≈ , ξ η dp th
where the quantum, random and thermal averages of the free displacement correlation function 
where
is the temperature-and magnetic field-dependent quantum correlation strength that we have discussed earlier in section 2.
For temperature in the interval dp D 
for f dp J decays exponentially for a constant magnetic field; on the other hand, c J first decreases, then increases after reaching a maximum, and finally decreases again as the magnetic field increases for a constant temperature.
Critical Current Density for Constant Applied Magnetic Field
First we would like to investigate the critical current density c J for constant magnetic field. It is understood that
decreases with increasing temperature for a constant magnetic field B due to the reduction of condensation energy. As we have mentioned above the calculations shown that, for dp T T < the depinning temperature, c J decreases weakly for both quantum and classical limits, for f dp 
Critical Current Density for Constant Temperature
In this subsection we would like to study the critical current density c J for constant temperature. It is understood that when the applied magnetic field is above the irreversible line or depinning line, the pins become ineffective, and the vortices can move freely, in other words, 0 = [40] . In obtaining the above results the following approximate data have been employed [12] : 
DISCUSSION
In this section we would like to make several general and important points about our calculations.
First of all, the critical current density c J in type-II superconducting bulk materials for constant magnetic field as well as for constant temperature has been calculated based on the quantum theory of vortex dynamics we [23] have developed.
Secondly, the model of our calculations is very general it can be used for conventional and high-c T superconductors. Although their mechanisms and the method of pairing are different, these only affect the structure of the vortex lattice and are a minute effect in our calculations.
Thirdly, the coherence length of the superconductor plays a very important role, since it sets the smallest length scale in our theory that can be seen from the large-k cutoff in the k -integration.
Finally, it is worthwhile to know that we only discuss the systems that are in thermodynamic equilibrium with the environment any time dependent behavior shall not be discussed.
CONCLUSION
The quantum, thermal and random fluctuations of the free displacement as well as the random displacement operator of the flux line lattice and critical current density c J as a function of temperature as well as applied magnetic field in type-II conventional and high-c T superconducting bulk materials are investigated based on the quantum model for vortex dynamics that we have developed in both quantum and classical regimes. It is shown that for a constant magnetic field, the critical current density c J decreases weakly with increasing temperature when dp T T < (depinning temperature); when f dp T T T < < (boundary fluctuation temperature), c J is power-law-decaying, and when f T T > , c J decays exponentially; while for a constant temperature, c J first decreases, then increases after reaching a maximum, and finally decreases again as the magnetic field increases.
These results are in agreement with the experiments.
